Abstract -Aims: To investigate properties and aspects of validity of the Readiness to Change Questionnaire (RCQ) when applied to hazardous drinking, alcohol-abusing or alcohol-dependent subjects sampled from the general population. Methods: In a representative survey conducted in the general population of a region in northern Germany, participants were randomly selected from resident registration office files, contacted and interviewed personally (n = 4.075). A total of 302 subjects who showed hazardous drinking behaviour (n = 202) or met diagnostic criteria of alcohol misuse (n = 46) or alcohol dependence (n = 54) were assessed and diagnosed using the Munich Composite International Diagnostic Interview (M-CIDI) according to DSM-IV diagnostic criteria. The battery of self-report questionnaires comprised, among others, the RCQ, and two methods of allocation were used, the quick method and the refined method of allocation. According to the method of allocation used, the stages are: precontemplation (PC), contemplation (C), preparation (P) and action (A); P may only be assigned using the refined method. Results: The RCQ, a brief instrument to assess stages of change in individuals sampled from the general population, gave internal consistencies of: PC = 0.68, C = 0.79, A = 0.83. Allocation to stages of change according to the quick method resulted in 67% of subjects being allocated to PC, 24% to C and 8% to A and according to the refined method in 58% to PC, 15% to C, 4% to P, 4% to A, with 19% not being classified because of non-theory-consistent scale profiles. Conclusions: Classification did not differ substantially according to the method of allocation. A three-factor solution, as reported in the literature, could not be replicated. Allocation to stages of change with the RCQ reflected predictions made from the Transtheoretical Model of behaviour change.
INTRODUCTION
From the public health aspect, restriction of access and secondary prevention, especially in combination, curtails negative consequences from substance use and misuse most effectively Ponicki et al., 1997; Cordoba et al., 1998; John et al., 1998) . Considering motivational background in interventions enhances effectiveness of secondary prevention (Velicer et al., 1993; Hapke et al., 1996; Miller, 1996; Samet et al., 1996; Dijkstra et al., 1998; contradicting: Ashworth, 1997) . The Transtheoretical Model of behaviour change (Prochaska and DiClemente, 1982; Prochaska et al., 1992) proposes that behaviour change successively follows five consecutive stages of change: precontemplation (PC), contemplation (C), preparation (P), action (A) and maintenance (M). Tailoring intervention strategies to these stages results in: (1) higher abstinence rates (Velicer et al., 1993) ; (2) enhanced utilization of system resources (Hapke et al., 1996) ; (3) optimized use of healthcare system resources . Stage allocation is done either using staging algorithms, where actual behaviour and plans to change this behaviour are assessed (DiClemente et al., 1991; Donovan et al., 1998) or by multidimensional questionnaires (McConnaughy et al., 1983; Miller and Tonigan, 1996; Rollnick et al., 1992; overview, Carey et al., 1999) . Sutton (1996 Sutton ( , 2001 and Weinstein et al. (1998) criticized: (1) the formulation of the stages of change as distinct stages within the Transtheoretical Model; (2) the different methods to measure stages of change.
The Readiness to Change Questionnaire (RCQ) (Rollnick et al., 1992 ) is a 12-item self-report questionnaire. Heather et al. (1993) proposed two methods of stage allocation, the quick and the refined method. The quick method assesses three stages of change: precontemplation (PC), contemplation (C) and action (A). The refined method of stage allocation also assesses preparation (P). An alternative allocation scheme using factor scores is described by Hapke (2000) . The RCQ has been developed and applied in brief and opportunistic interventions among hazardous drinkers in general practices and wards of general hospitals. Reliability estimates from these settings were satisfactory (Rollnick et al., 1992; Rodriguez Martos et al., 2000) . Applying the RCQ to clients undergoing alcohol-specific treatment (McMahon and Jones, 1996; Gavin et al., 1998) results in certain difficulties. Heather et al. (1999) addressed these with the treatment version of the RCQ. Evidence of predictive validity has also been gathered from clinical samples (Heather et al., 1993; McMahon and Jones, 1996; Hapke, 2000) . Construct validity has been investigated by analysing the factor structure of the RCQ. A three-factor structure, reflecting the stages PC, C and A, was found in different studies (Rollnick et al., 1992; Wells Parker et al., 1998; Hapke, 2000; Rodriguez Martos et al., 2000) . Budd and Rollnick (1996) used a structural equation modelling technique and found that a model with correlating factors and a model with a second-order factor fit the data equally well.
The aims of the present study are: (1) to report item and scale properties (item difficulty, item selectivity, scale distributions and internal consistencies); (2) to investigate construct validity of the RCQ, when applied to subjects from the general population who show hazardous alcohol consumption, alcohol misuse or dependence.
Construct validity of the RCQ was investigated in two steps. In the first step, allocation to stage of change using the alternative allocation algorithms proposed by Heather et al. (1993) for subjects from the general population were compared with allocations resulting from studies using clinical samples. Since there are differences in prevalence rates of alcohol use and misuse between samples drawn from the general population and samples drawn from patient populations (Bronisch and Wittchen, 1992; Perkonigg et al., 1998; Rumpf et al., 1999 , contradicting Cherpitel, 2000 , application of the instrument to subjects from the general population contributes to knowledge on strengths and limitations in utilization of the RCQ. Comparing samples from different studies is very difficultdifferences between studies may be attributable to a host of reasons -and a detailed comparison of the samples is beyond the scope of this article. However, comparison of the allocation rates, with these limitations in mind, may be useful, in gauging what proportions of subjects may be expected from patient or general populations. In a second step, factor analysis was performed for the data under study. We investigated whether the three-factor structure found in patients on general hospital wards and general practices can be replicated with subjects from the general population.
Results from our analyses may serve as estimates for item and scale properties and provide information on validity of the RCQ if applied to hazardous consuming, alcohol-abusing or -dependent subjects from the general population. With regard to stages of change, we expect larger proportions of subjects to be in earlier stages of change, compared to subjects from patient samples. With regard to the three subgroups defined by different drinking patterns, we expect higher proportions of alcohol-abusing or -dependent subjects to be in later stages than hazardously consuming subjects.
SUBJECTS AND METHODS
This article is based on the Transition in Alcohol Consumption and Smoking (TACOS) study. TACOS is a survey on substance use, misuse and dependence among the adult population in a rural and urban region in northern Germany. The aims of TACOS were: (1) to estimate prevalence rates of substance misuse and dependence in the given region; (2) to investigate individual and environmental factors pertaining to substance use and misuse with a focus on alcohol and nicotine . The methodology of the study is matched with other epidemiological projects in Germany within the scope of the research network 'Analytical Epidemiology of Substance Abuse' (ANEPSA, 1998) .
The survey assessed a representative sample of 4075 individuals, constituting a recruitment efficacy rate (Stang et al., 1999) of 70.2%. Meyer et al. (2000a) provided a detailed description of the population, sampling and response patterns. The main diagnostic tool in the survey was the computerassisted Munich-Composite International Diagnostic Interview (M-CIDI) (Wittchen et al., 1995) . The M-CIDI used for this survey comprises 14 sections containing questions relevant for diagnosis of psychological disorders according to ICD-10 (World Health Organization, 1993) and DSM-IV (American Psychiatric Association, 1995) . A detailed description of procedures and quality assurance for the interviews is found in Meyer et al. (2000b) . Depending on results from the M-CIDI, study staff handed out self-report questionnaires to respective subgroups of subjects. A detailed description of procedures and instruments may be found in Hapke et al. (1998) and in Hess et al. (1998) .
Subjects
For this study, a subgroup of 302 subjects was analysed in more detail. Of these, 202 subjects met criteria for hazardous drinking behaviour at the time of assessment. Hazardous drinking was defined according to the criteria proposed by the British Medical Association (Bradley et al., 1993) (i.e. 20 g alcohol per day for women and 30 g of alcohol per day for men). Of the remaining subjects, 46 met criteria for alcohol misuse and 55 subjects met criteria for alcohol dependence. One of the 55 alcohol-dependent subjects did not complete the RCQ and was dropped from analyses, leaving 54 subjects who met the criteria for alcohol dependence. Allocation to one of these three classes was mutually exclusive. Compared to other prevalence estimates for alcohol misuse and dependence in Germany (Bronisch and Wittchen, 1992; Nelson and Wittchen, 1998; Bühringer et al., 2000) , these rates are lower. However, this estimate is in accordance with regional differences in alcohol consumption in Germany , where per capita consumption rates in the southern regions of Germany are higher than in northern Germany. Table 1 provides a brief description of the subjects under study.
All differences between the subgroups under study (n = 302 hazardous consumers, alcohol misusers and alcohol dependants) and survey subjects not meeting these criteria (n = 3773) (non-hazardous) are statistically significant; sex: χ 2 = 59.4, d.f. = 1, P < 0.001; employment status: χ 2 = 13.44, d.f. = 5, P = 0.02; marital status: Fisher's exact test = 21.5, P < 0.001. For age, variances in the two groups were not equal (F = 9.6, P = 0.002), and means between groups differed significantly (t = -2.2, P = 0.032).
All differences between subgroups under study (hazardous consumers, alcohol misusers and alcohol dependants) were significant (sex: χ 2 = 11.8, d.f. = 2, P = 0.003; employment status: Fisher's exact test = 17.9, P = 0.026; marital status: Fisher's exact test = 18.9, P = 0.007). Age differed significantly between groups (F = 20.4, d.f. = 2, P < 0.001).
Assessments
The RCQ consists of 12 items on a 5-point rating scale ranging from 'strongly disagree' (-2) to 'strongly agree' (2). The respective four items comprising one subscale (Rollnick et al., 1992) are summed. This results in three subscales PC, C and A, ranging from -8 to + 8. Since the RCQ was designed to assign subjects to motivational stages, emphasis has been put on techniques of stage allocation (Heather et al., 1993) . The two methods used contemporaneously are the 'quick method' and the 'refined method' of stage allocation. The quick method assigns subjects according to the highest subscale score. In the case of a tie, the stage chosen is the furthest stage of change reached. Assignment becomes arbitrary when subjects score high or equal on more than just one subscale and/or show only gradual differences in scale scores.
On closer inspection of profiles in scale scores, Heather et al. (1993) found that, if distinctiveness of stages was taken strictly (only positive scores on one subscale with scores of zero or negative scores on the remaining two subscales), a consistent classification was possible in only 40% of subjects investigated. This, along with logical inconsistencies in interpretation of scale profiles, led to the refined method of stage allocation (Heather et al., 1993) . The refined method analyses the relationship of positive and negative scale scores as a profile of three scores. The P stage of change may be allocated. The allocation scheme is as follows: (1) subjects scoring positive on PC and negative on both C and A are classified as being in PC; (2) subjects scoring positive on C and negative on both PC and A are classified as being in C; (3) subjects with negative scores in PC and positive scores in both C and A, and with a higher score in C than A, are allocated to P; (4) subjects with negative scores in PC and positive scores in both C and A, and a C score lower or equal to the A score are allocated to A. The refined method leads to a logically more consistent assignment, but results in a certain proportion of cases that cannot be allocated. In a sample of 174 excessive drinkers in general practices or on a general hospital ward, 40 subjects (23% of the total sample) could not consistently be assigned to one of the four stages (Heather et al., 1993) .
Translation
RCQ items were translated into German. Items resulting in double negative phrases, if rated, were adapted. The translation was checked and translated back into English by a native speaker. Resulting differences due to adaptation were inspected and discussed in terms of item content. The phrasing which best captured the original content of the item, without rendering double negative phrases, was retained for the survey.
Statistical analysis
Proportions were complemented with 95% confidence bands of the estimates (the assumption that proportions distribute normally is made throughout for confidence estimates). Reliability was estimated via internal consistency (Cronbach's alpha). Factors were extracted using principal components analysis with the Kaiser-Guttman criterion and were subsequently varimax-rotated. Between-group comparisons were made according to scaling and distributional shape of variables either using analysis of variance or Kruskal-Wallis rank-sum test. Analyses were performed using SPSS Version 10.0.7 for Windows and S-Plus 2000 © for Windows.
RESULTS

Distributions, scale and item properties
Since distributions of raw scores are very skewed for C and A and very flat for PC, reporting statistical parameters such as arithmetic means or SD as summarizing statistics would be misleading. Interquartile ranges for the three subscales are: A: -8, -6, -4; C: -6, -3, 1; P: -1, 2, 4. Opposed to the C and A scales, on the PC scale, most subjects scored in the positive range of the scale, with two peaks of 17% scoring 4 and 12% scoring 8. The mean rankings between the three subscales differed significantly between the subgroups (PC: χ 2 = 32.47, d.f. = 2; C: χ 2 = 55.54, d.f. = 2; A: χ 2 = 20.46, d.f. = 2). Part-whole corrected item selectivity scores, item difficulty scores and internal consistencies for the three subgroups are reported in Table 2 .
The least difficult item for all three groups collapsed and for hazardous consumption and alcohol misuse this was: 'There is no need for me to think about changing my drinking' (item 10). For the group of subjects meeting criteria for alcohol dependence, the least difficult item was: 'I enjoy my drinking, but sometimes I drink too much' (item 3). The most difficult 364 W. HANNÖVER et al. Values in parentheses indicate percentages ± confidence intervals.
Hazardous consumers (n = 202); alcohol misusers (n = 46); alcohol dependants (n = 54); non-hazardous (subjects showing no hazardous consumption and not meeting criteria for alcohol misuse or dependence) (n = 3773); total sample (n = 4075). Cell proportions refer to sums of rows. Confidence bands for very small respectively very large proportions from small subgroups may fall below zero respectively exceed 100. Assuming a normal distribution for proportions leads to these results under these extreme circumstances. Here, confidence limits may only be used as a crude measure to gauge confidence for the estimates.
item for all groups (collapsed and analysed separately) was: 'I am actually changing my drinking habits now' (item 11).
Stage allocation
The RCQ's relevant information in order to allocate subjects to stages of change lies in the relationship between scores, rather than in the magnitude of scores. Allocation to stage of change using the quick method results in 67 ± 5% being allocated to PC, 24 ± 5% to C and 8 ± 3% to A. Using the refined method results in 58 ± 5% being allocated to PC, 15 ± 4% to C and 4 ± 2% to A; 12 subjects (4 ± 2%) were allocated to P and 56 subjects (19 ± 4%) did not show scores conforming to the model and could not therefore be allocated to any stage. Table 3 shows a cross-tabulation of allocations resulting from the quick and refined methods.
When classification was possible, the two methods resulted in similar classifications of subjects; 234 or 77% of subjects were allocated to the same stage using either method. However, the methods differ in two respects. (1) Using the refined method of allocation, 56 subjects (19%) could not be allocated to any stage. With regard to allocation using the quick method, this affects subjects from later stages to a larger degree (13% allocated to PC, 25% to C and 48% to A). (2) All subjects allocated to P using the refined method had been allocated to C using the quick method. Table 4 shows stage allocation according to the quick and refined method, from this study, and compares the results with those of Hapke (2000) , Heather et al. (1993) and Rodriguez Martos et al. (2000) .
Despite the difficulties in comparing estimates from different samples, allocation to stages of change results in rather similar rates for the three patient samples. In contrast, allocation of the subjects from our general population sample was clearly different.
Using the refined method, without taking the P stage into account, classification to stages of change results in 36 ± 7% Table 2 . Item difficulty and selectivity scores for Readiness to Change Questionnaire (RCQ) items, internal consistency estimates for RCQ subscales precontemplation (P), contemplation (C), action (A), with regard to the whole sample and three subgroups: hazardous consumption, alcohol misuse, alcohol dependence Item no. Haz., hazardous consumers (n = 202); Abus., alcohol misusers (n = 46); Dep., alcohol dependants (n = 54); Tot., total sample (n = 302); PC, precontemplation; C, contemplation; A, action. of subjects who could not be classified in the study from Heather et al., and 23 ± 5% in this study. If classification to the additional P stage is taken into account, the rate of subjects who cannot be classified is reduced to 37 (22 ± 6%) in the study from Heather et al. and to 56 (19 ± 4%) in the present study. In the other two studies on patient samples, allocation according to the refined method is not reported. Comparing allocation methods for the three subgroups under inspection (hazardous consumption, alcohol misuse and dependence) (Table 5) revealed that allocation to stage of change differed considerably between subgroups and also between methods. Differences are due to allocation to P and those subjects who could not be allocated. Regardless of the allocation method, subjects with hazardous consumption or those meeting criteria for alcohol misuse were mostly allocated to PC, with the smallest number of subjects allocated to A. The majority of alcohol-dependent subjects was allocated to C, with second most subjects being allocated to PC, and more allocated to A compared with the other two groups.
Factor analysis
Principal component analysis extracted two components with eigenvalues of >1. After varimax rotation, the first factor accounted for 30.7% of the variance, the second for an additional 30%, with a total of 60.8% of variance explained. The factor loadings after rotation are reported in Table 6 . Items belonging to PC loaded negatively on the first factor.
Items belonging to C showed high positive loadings on the first factor. Items belonging to A loaded highest on the second factor. However, three of the four items belonging to PC also loaded negatively on the second factor and two of the four items from C loaded similarly on both factors.
DISCUSSION
The RCQ has been developed to assess motivational stages of change according to the Transtheoretical Model in order to select counselling strategies with regard to the motivational background and to enhance treatment impact in brief and opportunistic interventions with subjects currently not being in treatment for alcohol-related problems. The instrument shows good psychometric properties and predictive validity when applied to a sample of high-risk alcohol consumers treated in general hospital wards or general practices. These findings were replicated in different groups of patients in different countries.
Analyses of standard psychometric properties, such as item selectivity, item difficulty and internal consistency in this study support the item selection. As was expected, item difficulty scores differed between the three subgroups. While items from PC had the highest difficulty scores for hazardous consumers, items from C and A had the highest difficulty scores for alcohol-dependent subjects. Internal consistencies from different Table 4 . Proportions and 95% confidence limits of subjects allocated to stages of change according to the quick method and the refined method for subjects with at least hazardous consumption of alcohol from the TACOS survey compared to data from other studies Quick (n = 201) 42 (21 ± 6) 78 (39 ± 7) 81 (40 ± 7) Hapke (2000) Quick (n = 216) 52 (24 ± 6) 86 (40 ± 7) 78 (36 ± 6) PC, precontemplation; C, contemplation; P, preparation; A, action; n, number of subjects; Sample, sample used for estimation of stage allocation; Population, subjects drawn from representative sample from the general population; Quick, quick method of stage allocation; Refined, refined method of stage allocation. Table 5 . Relative frequencies of allocation to stages of change according to the quick method for three levels of alcohol consumption (hazardous drinking, alcohol misuse and dependence)
Quick Refined
Hazardous consumers 149 (74 ± 6) 41 (20 ± 6) 12 (6 ± 3) 134 (66 ± 7) 24 (12 ± 5) 4 (2 ± 2) 5 (3 ± 2) 35 (17 ± 5) 202 Alcohol abusers 37 (80 ± 12) 7 (15 ± 10) 2 (4 ± 6) 27 (59 ± 14) 5 (11 ± 9) 1 (2 ± 4) -13 (28 ± 13) 46 Alcohol dependants 16 (30 ± 12) 29 (54 ± 13) 9 (17 ± 10) 15 (28 ± 12) 17 (32 ± 12) 7 (13 ± 9) 7 (13 ± 9) 8 (15 ± 10) 54 Total 202 (67 ± 5) 77 (26 ± 5) 23 (8 ± 3) 176 (58 ± 6) 46 (15 ± 4) 12 (4 ± 2) 12 (4 ± 2) 56 (19 ± 4) 302
Refined, refined method of stage allocation; Quick, quick method of stage allocation; PC, precontemplation; C, contemplation; P, preparation; A, action; n.m.c., no model conformity; -, no subjects in cell. Cell proportions refer to row totals. Confidence bands for very small respectively very large proportions from small subgroups may fall below zero respectively exceed 100. Assuming a normal distribution for proportions leads to these results under these extreme circumstances. Here, confidence limits may only be used as a crude measure to gauge confidence for the estimates.
translations and different groups of subjects produced estimates similar to those for hazardous drinkers, alcohol misusers and alcohol dependants from the general population. These results speak in favour of the item selection, their translations and their organization in three subscales corresponding to the three stages of change. In this study, distribution of raw scores was very flat for the PC and very skewed for the C and A scales. Since allocation to stage of change is the main objective of administration, rather than interpretation of raw scores, distributional qualities do not interfere with interpretation of test results. Allocation to stage of change showed the expected distribution, given the subjects under inspection. In contrast to the patient samples, the majority of subjects was allocated to PC. Differential inspection showed that the majority of subjects showing either hazardous drinking behaviour or alcohol misuse were allocated to PC. A larger proportion of alcoholdependent subjects was allocated to C. These results are also in accordance with predictions from the Transtheoretical Model and may be taken as further aspects of construct validity. The comparison between patient and non-patient samples, however, has to be put into perspective. While the overall comparison between patients and the group in this study differed markedly in allocations to stages of change, this difference decreased noticeably if only alcohol-misusing and alcoholdependent subjects from this study are compared with the subjects from the patient groups. However, neither subgroup in this study showed a consistently similar pattern in stage allocation comparable to the patient samples. This may be taken as an indicator that differences in motivational stages of change between general hospital or general practice patients and subjects from the general population are not only due to drinking behaviour. Rather, being confronted with their health status as prompting a visit with a healthcare expert may have served as a trigger for the patients to re-evaluate their alcohol consumption behaviour. The higher proportions of patients allocated to the A stage also supports this interpretation.
Allocation to stage of change did not show strict model conformity in 22% of subjects. If the refined method was used and P as stage of change was taken into account, this rate was reduced to 19%. Compared to the patient sample, this rate is considerably lower, indicating that it is easier to allocate subjects to stages of change if they are sampled from the general population. Nevertheless, a classification scheme that conflicts in every fifth to every third subject with the underlying model or results in an inconclusive classification leaves room for further improvement. Allocation methods produced comparable results for the three subgroups under inspection (hazardous consumption, alcohol misuse, alcohol dependence). This reflects a general shortcoming of the allocation scheme, rather than a differential incompatibility between method and subjects under inspection.
Principal component analysis produced inconclusive results. In contrast to the theoretical formulation and background, only two components with eigenvalues of >1 could be extracted. At a first glance, it looks inviting to interpret the first factor as a bipolar representation of a continuum with PC on one end, and C on the other, and the second factor as a unipolar representation of A. However, items from PC and C showed similar loadings on both factors. Nor did analysing subgroups result in an interpretable structure; and indications for a single factor solution were not found. It looks likely that these results derive from the item distributions that do not agree with distribution assumptions necessary for factor analyses. Thus, no conclusions concerning the factor structure of the RCQ may be drawn from this study.
In conclusion, the RCQ is a brief instrument with satisfying psychometric properties, that enables quick allocation to stages of change of subjects with at least high-risk drinking behaviour, if sampled from the general population. Classification results are in accordance with predictions from the Transtheoretical READINESS TO CHANGE QUESTIONNAIRE 367 PC, precontemplation; C, contemplation; A, action. German translation: 1. Ich glaube, daß ich zuviel trinke (P). 2. Ich versuche, weniger zu trinken als früher oder gar nicht mehr zu trinken (A). 3. Ich trinke gern, aber manchmal trinke ich zuviel (C). 4. Manchmal denke ich, daß ich weniger oder gar nicht mehr trinken sollte (C). 5. Über mein Trinken nachzudenken ist reine Zeitverschwendung (P). 6. Ich habe erst vor kurzem meine Trinkgewohnheiten geändert (A). 7. Jeder kann darüber reden, daß er wegen des Trinkens etwas tun will, aber ich tue tatsächlich etwas (A). 8. Ich bin an dem Punkt angelangt, wo ich darüber nachdenken sollte, weniger oder gar keinen Alkohol mehr zu trinken (C). 9. Mein Trinken ist manchmal ein Problem (C). 10. Ich finde es notwendig für mich, über eine Änderung meines Trinkens nachzudenken (P). 11. Ich ändere meine Trinkgewohnheiten genau jetzt im Moment (A). 12. Weniger Alkohol zu trinken ergibt für mich einen Sinn (P).
Model for behaviour change and may be taken as valuable hints for construct validity of the instrument. Results from factor analysis, however, are jeopardized by item distribution characteristics and do not allow a conclusion about the factor structure of the RCQ, thus weighing against the instrument's construct validity. Finally, another methodological shortcoming may be seen in the rate of subjects who showed scores without strict model conformity.
